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@)  Pulse  wave  analysis  device. 

(57)  The  cuff  band  1  is  wrapped  around  the  tip  of 
the  subject's  second  finger.  When  the  operator 
depresses  the  beginning-of-measurement  key, 
the  finger  tip  is  pressed  at  various  pressures  by 
means  of  the  air  pump  3  and  the  pressure 
sensor  4.  Pulse  by  means  of  the  air  pump  3  and 
the  pressure  sensor  4.  Pulse  wave  signals,  M 
which  correspond  to  different  pressure  values, 
are  automatically  measured  by  the  optical  fing- 
ertip  plethysmogram  sensor  6.  The  signals  are 
transmitted  to  the  CPU  5  through  the  BPF  7,  the 
amplifier  8,  and  the  ADC  9.  The  CPU  5  performs 
FFT  analyses  on  the  signals  and  determines  to 
which  pattern,  among  the  patterns  stored  in 
ROM  11,  the  pattern  level  of  the  pulse  wave 
spectrum  for  a  given  pressure  value  is  closest, 
and  displays  the  result  on  the  display  unit  10  as 
a  test  result  indicating  the  viscoelasticity  of  the 
subject's  peripheral  circulation  tissue. 
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Background  of  the  Invention 

Field  of  the  Invention 

The  present  invention  relates  to  pulse  wave  ana- 
lysis  devices  that  analyze  the  condition  of  the  body 
based  on  pulse  waves  obtained  from  the  body. 

Background  Art 

Because  people  today  are  subjected  to  excessive 
stress,  concern  has  arisen  about  sudden,  stress- 
related  death  and  death  from  fatigue.  There  is  a 
pressing  need  for  a  means  of  analyzing  such  symp- 
toms  easily  and  accurately. 

Against  this  backdrop,  the  pulse  diagnosis  as 
practiced  in  non-traditional  medicine,  such  as  that  ex- 
emplified  by  Ayurveda  method  in  traditional  Indian 
medicine  and  by  the  Chun,  Guan,  and  Chi  method  in 
Chinese  medicine  has  attracted  considerable  atten- 
tion.  According  to  this  form  of  pulse  diagnosis,  a  dis- 
ease  can  be  diagnosed  accurately  only  when  the 
practicing  "sage"  feels  the  patient's  pulse.  It  would  be 
extremely  useful  if  the  same  diagnosis  could  be  per- 
formed  by  a  machine. 

From  the  aforementioned  standpoint  there  has 
been  a  need  for  an  apparatus  capable  of  analyzing 
physical  symptoms  by  extracting  the  information  con- 
tained  in  pulse  waves,  and  the  development  of  such 
an  apparatus  has  been  studied. 

Summary  of  the  Invention 

The  inventors  of  the  present  invention  have  stud- 
ied  the  relationship  between  pulse  waves  and  physi- 
cal  health  from  the  aforementioned  standpoint  with 
the  intention  of  developing  an  apparatus  capable  of 
analyzing  the  state  of  one's  health  based  on  pulse 
waves.  Their  studies  have  determined  that  the  wave- 
form  of  a  pulse  wave  changes  as  a  function  of  the 
pressure  applied  at  the  pressure  measurement  site.  It 
is  well  known  that  illness  is  closely  related  to  the  dy- 
namic  characteristics  of  a  person's  blood  vessels.  If 
it  is  possible  to  determine  objectively  the  behavior  of 
pulse  waves  with  respect  to  applied  pressure,  the  di- 
agnosis  of  a  patient's  illness  will  be  greatly  improved 
both  in  terms  of  speed  and  objectivity.  The  present  in- 
vention  was  developed  against  this  background.  Its 
objective  is  to  provide  a  pulse  wave  analysis  device 
capable  of  determining  the  behavior  of  pulse  waves 
with  respect  to  applied  pressure  in  an  objective  man- 
ner. 

For  the  implementation  of  the  system  identified 
above,  the  applicants  who  developed  the  present  in- 
vention  performed  the  following  experiments  in  order 
to  verify  its  validity: 

description  of  the  Experiment 

(1)  Object  of  the  Experiment 

5  Fingertip  plethysmograms  are  blood  stream 
pulse  waves  in  the  peripheral  circulation  system  and 
can  be  measured  non-invasively.  These  pulse  waves 
are  receiving  increasing  attention  as  a  means  of  eval- 
uating  the  state  of  peripheral  circulation,  the  concen- 

10  tration  of  oxygen  in  the  blood,  and  the  extent  of  fati- 
gue  or  stress  felt  by  the  body.  In  view  of  this  fact  and 
in  order  to  determine  non-invasively  the  behavior  of 
the  circulation  system  and  the  autonomous  nerve 
system,  observations  were  made  by  applying  varying 

15  pressure  to  the  peripheral  tissue  at  the  tip  of  a  finger 
and  by  determining  the  resulting  change  in  the  fre- 
quency  spectrum  of  the  fingertip  plethysmograms.  In 
the  peripheral  circulation  system  the  ends  of  the  ar- 
tery  system,  which  are  small  arteries,  divide  into 

20  mesh-like  capillaries  which  then  join  together  to  form 
small  veins.  These  capillary  vessels  cover  an  ex- 
tremely  large  total  area.  In  parts  of  the  body  true  ca- 
pillary  vessels  can  go  into  a  collapsed  state  when  the 
autonomous  nervous  system  is  excited  or  when  the 

25  body  is  exposed  to  a  low-temperature  environment. 
This  fact  suggests  that  much  information  on  the  state 
of  the  body  could  be  obtained  from  measurements  of 
the  state  of  these  parts  of  the  body. 

30  (2)  Experimental  Method 

The  subject's  finger  was  pressed  against  the 
head  of  an  optical  fingertip  plethysmogram  sensor  in 
order  to  detect  fingertip  plethysmograms.  The  fast 

35  Fourier  transform  (FFT)  was  used  to  determine  the 
spectrum  for  these  pulse  waves. 

(3)  Experimental  Conditions 

40  The  following  subjects  and  pulse  wave  measure- 
ment  conditions  were  employed: 

The  first  subject  (subject  A)  was  a  25-year-old 
male  with  a  blood  pressure  of  54  mmHg  over  104 
mmHg.  The  second  subject  (subject  B)  was  a  32- 

45  year-old  male  with  a  blood  pressure  of  58  mmHg  over 
96  mmHg. 

Measurements  were  taken  from  each  subject  af- 
terthe  subject  rested  for  20  minutes,  in  the  sitting  pos- 
ition,  after  fasting.  The  pulse  wave  data  were  ana- 

50  log/digital  converted  every  20  milliseconds  and 
measurements  were  taken  for  a  total  of  80  seconds. 
During  the  80  second  measurement  time  each  sub- 
ject  was  required  to  control  his  breathing  at  a  rate  of 
12  inhalations  per  minute. 

55 
(4)  Experimental  Results  and  Discussion 

(4)-1  Pulse  waveform  relative  to  applied  pressure 

2 
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Figure  2  shows  an  amplified  waveform  of  subject 
A's  pulse  wave  signals  at  an  applied  pressure  of  67 
g/cm2.  The  horizontal  axis  shows  time  (in  seconds) 
and  the  vertical  axis  shows  voltage  (mV).  This  graph 
indicates  envelope  components  that  change  relative- 
ly  gradually  in  addition  to  pulse  wave  signals. 
(4)-2  FFT  analysis  of  pulse  waveforms  in  Figure  3 
shows  the  results  of  FFT  analysis  of  the  pulse  wave 
data  of  Figure  2  where  the  horizontal  axis  indicates 
frequencies  (Hz)  and  the  vertical  axis,  the  power  (am- 
plitudes)  (mV). 

In  this  graph  the  frequency  component  of  the 
pulse  stroke  intervals  (1  .2  Hz)  represents  the  funda- 
mental  wave,  and  its  harmonic  component  is  shown. 
The  limit  of  detectability  of  this  method  is  approxi- 
mately  5  mV.  PeakPI  that  occurs  at  frequency  0.2  Hz 
in  the  graph  appears  to  be  a  variation  associated  with 
the  subject's  breathing  control  (the  12  breathing 
movements  per  minute  as  noted  above). 
(4)-3  Relative  levels  of  pulse  wave  spectra 

Figure  4  shows  the  relative  levels  of  the  second 
through  eighth  harmonic  waves,  treating  the  funda- 
mental  wave  (1  .2  Hz)  as  level  1  ,  of  the  results  of  the 
FFT  analysis  of  the  data  on  subject  A  and  of  the  re- 
sults  of  the  FFT  analysis  of  similarly  calculated  vari- 
ous  pressures  that  were  applied.  In  this  graph  the  hor- 
izontal  axis  indicates  the  orders  of  spectra  and  the 
vertical  axis  shows  relative  values. 

This  graph  shows  a  variability  (scattering)  due  to 
pressure  differences  in  a  range  from  the  second  to 
the  eighth  harmonic  waves.  This  variability  appears 
to  be  a  characteristic  of  subject  A. 

Therefore,  it  appears  to  be  possible  to  evaluate 
individual  differences  in  peripheral  circulation  tissue 
by  using  the  frequency  components  within  this  range 
of  fingertip  plethysmograms.  If  that  were  the  case,  it 
should  be  possible  to  achieve  improvements  in  the 
S/N  ratio  by  setting  the  system's  low-region  cut-off 
frequency  at  approximately  0.1  Hz  and  the  high- 
region  cut-off  frequency  at  approximately  10  Hz. 
(4)-4  Relationship  between  the  applied  pressure  and 
the  pulse  wave  spectra 

Figure  5  shows  the  amplitudes  (solid  line  A-S1)  of 
the  fundamental  wave  for  the  pulse  wave  spectrum  at 
various  pressures  for  subject  A  and  the  amplitudes 
(solid  line  A-S2)  of  the  second  harmonic  wave.  The 
horizontal  axis  indicates  the  applied  pressure  (g/cm2), 
and  the  vertical  axis  shows  amplitudes  (mV).  Line  L 
indicates  the  5  mV  amplitude  level. 

Similarly,  Figure  6  shows  the  amplitudes  (broken 
line  B-  S1)  of  the  fundamental  wave  for  the  pulse 
wave  spectrum  at  various  pressures  for  subject  B  and 
the  amplitudes  (broken  line  B-S2)  of  the  second  har- 
monic  wave. 

The  graph  in  Figure  7  is  the  graphs  of  Figures  5 
and  6  plotted  together. 

These  graphs  indicate  that,  in  either  subject  A  or 
B,  both  the  fundamental  wave  and  the  second  har- 

monic  wave  produce  an  approximately  identical  am- 
plitude  at  applied  pressures  ranging  from  1  7  g/cm2  to 
67  g/cm2  with  little  difference  between  the  two 
waves.  If  the  pressure  at  which  the  amplitude  of  a 

5  spectrum  falls  belowa  specified  value,  i.e.,  5  mV(line 
L),  is  assumed  to  be  the  pressure  at  which  the  spec- 
trum  disappears,  the  required  pressure  for  the  funda- 
mental  wave  is  133  g/cm2  for  subject  A  and  167  g/cm2 
for  subject  B.  Similarly,  in  the  case  of  the  second  har- 

10  monic  wave  the  amplitude  is  less  than  5  mV  for  a  re- 
quired  pressure  of  100  g/cm2  for  subject  A  and  167 
g/cm2  for  subject  B.  Thus,  it  appears  that  there  are  in- 
dividual  differences  in  the  pressure  at  which  the  spec- 
trum  disappears. 

15  Compared  with  subject  A,  subject  B  produces 
largersignals  at  the  higher  pressure  range  of  67  g/cm2 
to  1  33  g/cm2.  It  is  therefore  inferred  that  subject  B  has 
a  higher  viscoelasticity  in  his  peripheral  circulation 
tissue  than  subject  Adoes.  These  results  suggest  that 

20  conditions  such  as  the  viscosity  resistance  and  the 
viscoelasticity  of  the  peripheral  circulation  system 
can  be  determined  from  the  relationship  between  the 
amount  of  pressure  applied  to  the  peripheral  tissue  at 
the  tip  of  a  finger  and  the  resulting  frequency  spec- 

25  trum  of  the  fingertip  plethysmogram. 
This  present  invention  was  developed  based  on 

the  information  obtained  as  described  above. 
The  present  invention  provides  a  pulse  wave  ana- 

lysis  device  which  provides  an  information  indicating 
30  the  status  of  a  living  body.  In  order  to  obtain  such  an 

information,  the  pulse  wave  analysis  device  detects 
pulse  waves  from  the  living  body  and  the  pressure  ap- 
plied  at  the  site  on  the  body  at  which  pulse  waves  are 
detected.  The  pulse  wave  analysis  device  identifies 

35  a  variation  pattern  of  the  pulse  waves  thus  detected 
relative  to  a  change  in  the  pressure  that  is  applied  at 
the  detection  site. 

The  variation  pattern  thus  identified  provides  a 
useful  information  with  respect  to  the  illness  orsymp- 

40  toms  of  the  living  body. 
In  order  to  detect  the  pulse  waves  at  a  desired 

condition,  a  pressurization  means  may  be  employed 
in  the  pulse  wave  analysis  device  to  applies  the  de- 
sired  pressures  to  the  pulse  wave  detection  site  on 

45  the  body. 
Furthermore,  a  pressure  control  means  may  be 

preferably  employed  in  the  pulse  wave  analysis  de- 
vice  for  stepwise  varying  the  pressure  applied  by  the 
pressurization  means  at  the  detection  site. 

so  In  this  device,  the  pulse  waves  corresponding  to 
the  pressures  applied  at  the  detection  site  are  detect- 
ed  and  the  above-described  variation  pattern  is  de- 
termined  based  on  the  pulse  waveforms  thus  detect- 
ed  and  the  pressures  thus  applied. 

55  A  cuff  band  for  wrapping  a  part  of  the  body  and 
an  air  pump  that  supplies  air  to  the  cuff  band  are  em- 
ployed  as  the  pressurization  means.  In  this  device, 
the  pressure  control  means  regulates  the  amount  of 

3 
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air  supplied  from  the  air  pump  to  the  cuff  band  so  that 
the  pressure  applied  at  the  detection  site  equals  a  tar- 
get  value. 

A  display  means  may  be  preferably  employed  in 
the  device  for  displaying  a  graph  of  the  target  pres- 
sure  value  to  be  applied  at  the  pulse  wave  detection 
site  and  the  detected  pressure.  The  device  enables 
the  pulse  wave  detection  to  detect  pulse  waves  when 
the  pressure  detected  by  the  pressure  detection 
means  is  within  the  range  corresponding  to  a  target 
pressure  value. 

The  target  pressure  value  may  be  sequentially 
and  stepwise  varied  and  is  issued  as  an  instruction 
which  instructs  each  target  value. 

The  frequency  analysis  may  be  performed  in  or- 
der  to  determine  the  variation  pattern.  In  this  case, 
the  variation  pattern  of  the  pulse  waveforms  is  ob- 
tained  by  determining  the  spectral  change  patterns 
that  correspond  to  a  change  in  pressure  as  obtained 
by  the  frequency  analysis. 

In  the  above  case,  a  pattern  memory  may  be  pre- 
ferably  employed  in  the  pulse  wave  analysis  device 
for  storing  the  pulse  wave  spectra,  corresponding  to 
the  pressures  applied  at  the  detection  site,  as  pat- 
terns  for  each  predetermined  body  condition.  The 
pulse  wave  analysis  device  outputs  the  pattern  that 
is  closest,  among  the  patterns  stored  in  the  pattern 
memory,  to  the  pulse  wave  spectrum  corresponding 
to  the  pressures  determined  by  the  frequency  analy- 
sis. 

The  pulse  wave  analysis  device  may  be  designed 
so  as  to  output  pressure  values  such  that  the  ampli- 
tudes  of  the  pulse  wave  spectra  corresponding  to  the 
various  pressures  determined  by  the  frequency  ana- 
lysis  are  less  than  a  specified  value. 

In  the  pulse  wave  analysis  device,  waveform 
shape  analysis  may  be  preferably  performed  to  de- 
tects  the  level  ratios  of  the  peaks  that  appear  in  the 
detected  pulse  waves,  and  the  rise  time  of  the  pulse 
waves.  In  this  case,  the  pattern  is  determined  as  a 
pattern  of  change  in  the  level  ratios  and  rise  times 
corresponding  to  pressure  changes. 

In  the  above  case,  the  pattern  memory  stores,  as 
patterns,  both  the  level  ratios  corresponding  to  pres- 
sure  changes  and  changes  in  rise  time,  for  each  pre- 
determined  body  condition.  Thus,  the  pulse  wave 
analysis  device  can  output  the  pattern  that  is  closest, 
among  the  patterns  stored  in  the  pattern  memory 
means,  to  the  pattern  of  change  in  level  ratio  and  rise 
time  as  detected  by  the  waveform  shape  analysis. 

The  waveform  shape  analysis  may  be  performed 
to  detects  the  level  ratios  of  the  peaks  that  appear  in 
the  detected  pulse  waves  and  the  rise  time  of  the 
pulse  waves.  The  device  may  determine  the  level  ra- 
tios  corresponding  to  pressure  changes  and  a  pattern 
of  change  in  rise  time. 

The  pattern  memory  may  be  employed  to  store, 
as  patterns,  both  the  level  ratios  corresponding  to 

pressure  changes  and  changes  in  rise  time,  for  each 
predetermined  body  condition.  This  device  can  select 
and  output  the  pattern  that  is  closest,  among  the  pat- 
terns  stored  in  the  pattern  memory  means,  to  the  pat- 

5  tern  of  change  in  level  ratio  and  rise  time  as  detected 
by  the  waveform  shape  analysis. 

The  waveform  shape  analysis  may  be  performed 
to  detect  both  the  time  ratio  of  the  pulse  wave  stroke 
period,  as  detected,  to  the  length  of  time  in  which  the 

10  waveform  value  of  the  pulse  waves  becomes  greater 
than  a  specified  value,  and  the  rise  time  of  the  pulse 
waves.  This  device  can  determine  the  time  ratio  cor- 
responding  to  a  pressure  change  and  the  pattern  of 
change  in  rise  time. 

15  The  pattern  memory  may  store,  as  patterns,  both 
the  time  ratios  corresponding  to  pressure  changes 
and  changes  in  rise  time,  for  each  predetermined 
body  condition.  This  device  can  select  and  output  the 
pattern  that  is  closest,  among  the  patterns  stored  in 

20  the  pattern  memory,  to  the  pattern  of  change  in  time 
ratio  and  rise  time  as  detected  by  the  waveform 
shape  analysis. 

In  the  preferred  embodiment  of  the  present  inven- 
tion,  the  magnitude  of  the  pressure  applied  to  the 

25  body  is  varied  stepwise,  and  the  magnitude  of  the 
pressure  is  detected.  The  pulse  waves  corresponding 
to  the  various  pressures  are  detected  from  the  body. 
The  pulse  wave  analysis  device  determines  the  pres- 
sure  at  which  pulse  waves  satisfy  specified  condi- 

30  tions.  More  specifically,  the  pulse  wave  analysis  de- 
vice  determines  the  pressure  that  maximized  the  ratio 
of  the  size  of  the  peak  of  the  overlapping  waves  to  the 
size  of  the  drive  waves,  and  performs  a  diagnosis 
based  on  the  rise  time  of  the  pulse  waves  at  that  pres- 

35  sure. 
The  device  may  determine  the  pressure  that 

maximizes  the  ratio  of  the  stroke  period  of  the  detect- 
ed  pulse  wave  to  the  time  when  the  waveform  value 
of  that  pulse  wave  becomes  greater  than  or  equal  to 

40  a  specified  value,  and  may  perform  a  diagnosis 
based  on  the  rise  time  of  the  pulse  waves  at  that  pres- 
sure. 

The  power  may  be  supplied  through  the  use  of 
the  switching  means  only  from  the  time  the  beginning 

45  of  an  analysis  is  indicated  by  the  user  to  the  time  the 
end  of  the  analysis  is  indicated.  The  power  may  be 
supplied  for  a  specif  ied  period  of  time  through  the  use 
of  the  switching  means,  and  the  power  supply  opera- 
tion  is  repeated  at  specified  time  intervals.  The  power 

so  may  be  supplied  for  a  specif  ied  period  of  time  through 
the  use  of  the  switching  means  from  the  time  the  be- 
ginning  of  an  analysis  is  indicated  by  the  user  to  the 
time  the  end  of  the  analysis  is  indicated,  and  the  pow- 
er  supply  operation  is  repeated  at  specified  time  in- 

55  tervals. 
Thus,  the  switching  means  can  reduce  power 

consumption  by  the  portable  equipment. 
Further  objects  and  advantages  of  the  present  in- 
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vention  will  be  understood  from  the  following  descrip- 
tion  of  the  preferred  embodiments  with  reference  to 
the  drawing. 

Brief  Description  of  the  Drawings  5 

Figure  1  shows  the  configuration  of  the  pulse 
wave  analysis  device  according  to  the  first  preferred 
embodiment  of  the  present  invention. 

Figure  2  is  a  graph  of  pulse  waveforms  at  a  spe-  10 
cif  ied  pressure  values  for  the  above  embodiment. 

Figure  3  is  a  graph  of  FFT  analyses  of  the  pulse 
waveforms  for  the  above  embodiment. 

Figure  4  is  a  graph  of  relative  levels  of  pulse  wave 
spectra  for  the  above  embodiment.  15 

Figure  5  is  a  graph  which  shows  the  relationship 
between  applied  pressure  and  the  spectra  for  the 
above  embodiment. 

Figure  6  is  a  graph  which  shows  the  relationship 
between  applied  pressure  and  the  spectra  for  the  20 
above  embodiment. 

Figure  7  is  a  graph  which  shows  the  relationship 
between  applied  pressure  and  the  spectra  for  the 
above  embodiment. 

Figure  8  shows  the  configuration  of  a  pulse  wave  25 
analysis  device  built  into  a  wrist-watch  for  the  second 
preferred  embodiment  of  the  present  invention. 

Figure  9  shows  the  internal  configuration  of  the 
pulse  wave  analysis  device  for  the  same  embodi- 
ment.  30 

Figures  10Aand  10Bshow  the  drive  timing  forthe 
pressure  detection  sensor  for  the  same  embodiment. 

Figures  11Aand  11  B  show  an  example  of  a  guide 
message  display  during  the  operation  of  the  pulse 
wave  analysis  device  for  the  same  embodiment.  35 

Figure  12  is  a  graph  which  shows  pulse  wave- 
forms  and  respiration  waveforms,  at  different  pres- 
sure  values,  for  another  another  analysis  example  of 
the  first  preferred  embodiment. 

Figure  1  3  is  a  graph  which  shows  the  FFT  analy-  40 
sis  of  pulse  waveforms  for  the  same  analysis  exam- 
ple. 

Figure  14  is  a  graph  which  shows  the  relationship 
between  applied  pressure  and  spectra  for  the  same 
analysis  example.  45 

Figure  1  5  is  a  graph  which  shows  the  relationship 
between,  applied  pressure  and  spectra  forthe  same 
analysis  example. 

Figure  16  is  a  graph  which  shows  the  relationship 
between,  applied  pressure  and  spectra  for  the  same  50 
analysis  example. 

Figure  17  is  a  graph  of  an  enlargement  of  pulse 
waveforms  relative  to  a  specified  pressure  value  for 
the  same  analysis  example. 

Figure  1  8  shows  a  locus  between  the  ratio  Vd/Vp  55 
as  a  function  of  change  in  pressure  and  the  rise  time 
Tr  for  the  same  analysis  example. 

Figure  19  shows  the  relationship  between  pres- 

sure  and  the  ratio  Vd/Vp  for  the  same  analysis  exam- 
ple. 

Figure  20  shows  the  relationship  between  age 
and  rise  time  Tr  when  pressure  is  applied  in  each  sub- 
ject  so  that  the  ratio  Vd/Vp  reaches  its  maximum  for 
the  same  analysis  example. 

Figure  21  shows  the  relationship  between  age 
and  rise  time  Tr  when  pressure  is  applied  in  each  sub- 
ject  so  that  the  ratio  Th/T  reaches  its  maximum  for  the 
same  analysis  example. 

Figure  22  shows  the  relationship  between  age 
and  an  arterial  hardening  index  forthe  same  analysis 
example. 

Detailed  Description  of  the  Preferred  Embodiments 

The  following  is  an  explanation  of  the  embodi- 
ments  of  the  present  invention  with  reference  to  draw- 
ings. 

Pulse  waves  are  information  that  can  be  meas- 
ured,  either  invasively  or  non-invasively,  on  the  body. 
Non-invasive  methods  for  the  determination  of  pulse 
waves  include  the  determination  of  change  in  the  lat- 
eral  pressure  in  the  blood  vessel  as  a  function  of  the 
output  of  blood  from  the  heart  and  the  determination 
of  change  in  blood  volume  in  a  blood  vessel.  Specific 
means  of  detection  that  are  employed  include  light 
(visible  and  near-infrared),  sound  (audible  and  ultra- 
sonic),  and  electromagnetic  waves. 

The  embodiments  described  below  are  based  on 
the  above  research  results  conducted  by  the  inven- 
tors.  Specifically,  they  are  designed  to  exploit  the  fol- 
lowing  fact: 

When  fingertip  plethysmograms  are  measured 
by  applying  pressure  at  a  subject's  finger  tip,  individ- 
ual  differences  can  be  detected  in  the  relationship  be- 
tween  the  magnitude  of  the  pressure  thus  applied 
and  the  frequency  spectra  of  the  fingertip  plethysmo- 
grams.  These  differences  originate  from  the  particu- 
lar  condition  of  the  subject's  circulation  system.  The 
embodiments  refer  to  a  pulse  wave  analysis  device 
that  uses  near  infrared  radiation  as  a  means  of  detec- 
tion. 

[First  Preferred  Embodiment] 

Figure  1  shows  the  configuration  of  the  pulse 
wave  analysis  device  according  to  the  first  preferred 
embodiment  of  the  present  invention. 

A:  Configuration  of  the  Embodiment 

(1)  Pulse  wave  measurement  system 

In  the  Figure  1,  1  designates  a  cuff  band,  which 
is  wrapped  around  the  tip  of  the  subject's  either  right 
or  left  second  finger.  3  designates  an  air  pump.  4  des- 
ignates  a  pressure  sensor.  2  designates  an  air  tube, 
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which  is  provided  as  an  air  conduit  between  the  cuff 
band  1,  the  air  pump  3,  and  the  pressure  sensor  4. 

Under  the  control  of  CPU  5,  the  air  pump  3  sup- 
plies  the  air  to  the  cuff  band  1  through  the  air  tube  2. 
The  air  increases  the  thickness  of  the  cuff  band  1  and 
causes  it  to  squeeze  finger  tip  F. 

The  pressure  sensor  4  detects  the  air  pressure 
supplied  to  the  cuff  band  1  through  the  air  tube  2  and 
transmits  the  results  to  the  CPU  5. 

An  optical  pulse  wave  sensor  6  is  provided  inside 
the  cuff  band  1  in  order  to  sense  the  fingertip  plethys- 
mograms  of  subjects.  The  optical  fingertip  plethys- 
mogram  sensor  6  is  composed  of  an  infrared  (940  nm 
wavelength)  light-emitting  diode  6a  and  an  optical 
sensor  6b. 

The  light  emitted  by  the  infrared  light-emitting  di- 
ode  6b  is  reflected  through  the  blood  vessels  at  finger 
tip  F  and  is  picked  up  by  the  optical  sensor  6b,  where 
it  undergoes  a  photoelectric  conversion.  Pulse  wave 
signal  M  at  finger  tip  F  is  detected  by  this  process. 

(2)  Signal  processing  and  the  control  system 

7  denotes  a  band  filter  (hereinafter  "BPF")  whose 
pass  region  is  0.02  Hz.  8  denotes  an  amplifier  whose 
gain  is  36  dB.  9  denotes  an  analog/digital  converter 
(ADC). 

The  ADC  9  converts  the  pulse  wave  signals  (ana- 
log  signals)  supplied  through  the  BPF  7  and  the  am- 
plifier  8  into  8-bit  digital  signals  that  are  quantized  in 
256  steps. 

5  denotes  the  CPU,  10  is  a  display,  11  is  ROM, 
12  is  RAM. 

The  CPU  5  uses  RAM  12  as  a  work  area  and  per- 
forms  the  following  processing  based  on  the  control 
program  and  control  date  stored  in  ROM  11. 

a.  Pressure  control  processing 
This  process  detects  the  pressure  applied  at 

finger  tip  F  via  the  pressure  sensor  4  and  regu- 
lates  the  amount  of  air  output  by  the  air  pump  3 
so  that  the  pressure  equals  a  target  value. 

Because  an  analysis  requires  the  pulse 
waves  to  be  measured  at  various  pressures  that 
are  applied,  the  CPU  10  sequentially  varies  the 
target  pressure  value  as  follows:  17,  33,  50,  67, 
83,  100,  117,  133,  150,  and  167  g/cm2;  and  per- 
forms  pressure  regulation  at  each  target  value. 
b.  Pulse  wave  measurement 

After  the  pressure  is  set  at  a  target  value  by 
the  pressure  control  processing,  the  pulse  wave 
measurement  processing  of  this  step  and  the  fre- 
quency  analysis  processing  described  below  are 
executed.  The  pulse  wave  measurement  proc- 
essing  reads  the  fingertip  plethysmogram  signals 
detected  by  the  optical  fingertip  plethysmogram 
sensor  6  from  the  ADC  9. 
c.  Frequency  analysis 

The  frequency  analysis  processing  applies 

the  FFT  (fast  Fourier  transform)  to  the  aforemen- 
tioned  fingertip  plethysmogram  signals  in  order 
to  determine  the  spectrum  for  the  pulse  waves. 
The  pressure  control,  pulse  wave  measurement, 

5  and  frequency  analysis  processes  are  performed 
for  each  target  pressure  value. 
d.  Analysis 

Based  on  the  pulse  wave  spectra  for  various 
pressure  values  as  determined  by  the  frequency 

10  analysis  process,  the  analysis  processing  deter- 
mines  a  change  in  spectral  distribution  as  a  func- 
tion  of  change  in  pressure.  Specifically,  for  each 
viscoelasticity  level  of  the  peripheral  circulation 
tissue,  patterns  (as  determined  in  the  above  ex- 

15  periment)  of  change  in  amplitude  level  with  re- 
spect  to  an  increase  in  pressure  are  stored  in 
ROM  11  .  This  analysis  process  determines  which 
of  these  patterns  is  closest  to  the  spectral  distrib- 
ution  change  as  a  function  of  change  in  pressure, 

20  and  determines  the  pressure  at  which  the  spec- 
tral  amplitude  is  less  than  a  specified  value 
(5mV). 
e.  Output 

This  process  directs  the  results  of  analysis  to 
25  the  display  unit  10.  To  facilitate  analyses  by 

physicians,  this  embodiment  provides  forthe  dis- 
play  of  measured  pulse  waves,  the  results  of  fre- 
quency  analyses,  the  change  in  pulse  wave  spec- 
trum  as  a  function  of  pressure,  and  other  detailed 

30  information  as  well  as  the  final  analytical  results. 
The  output  process  displays  requested  informa- 
tion  from  the  detailed  data  in  response  to  instruc- 
tions  entered  from  the  keyboard  (not  shown  in  the 
figure). 

35 
B:  Operation  of  the  embodiment 

The  following  describes  how  the  pulse  wave  ana- 
lysis  device  operates  and  how  to  use  it.  In  order  to  use 

40  this  device,  first  the  cuff  band  1  is  wrapped  around  the 
tip  of  the  right  or  left  second  finger  of  the  subject,  with 
the  finger  resting  on  the  table.  The  operator  issues 
the  start  command  to  the  CPU  5  by  pressing  the  start 
key  on  the  keyboard,  which  is  not  shown  in  the  figure. 

45  Upon  receiving  this  command,  the  CPU  5  regu- 
lates  the  amount  of  the  air  output  from  the  air  pump 
3  so  that  the  pressure  reaches  the  first  target  value, 
1  7  g/cm2.  As  the  air  pressure  increases,  the  subject's 
finger  tip,  with  the  cuff  band  1  wrapped  around  it,  is 

so  gradually  and  increasingly  pressed. 
While  monitoring  the  pressure  values  supplied 

from  the  pressure  sensor  4,  the  CPU  5  reads  pulse 
wave  digital  signals  from  the  ADC  9  when  the  applied 
pressure  reaches  the  target  value. 

55  The  pulse  wave  digital  signals  undergo  the  FFT 
processing  in  the  CPU  5.  The  calculated  pulse  wave 
spectral  data  are  written  to  either  RAM  1  2  or  a  storage 
means,  such  as  an  external  storage  device,  which  is 
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not  shown  in  the  figure. 
Then,  the  CPU  5  regulates  the  amount  of  the  air 

output  from  the  air  pump  3  so  that  the  pressure  reach- 
es  the  second  target  value,  33  g/cm2.  And,  similarly, 
while  monitoring  the  pressure  values  supplied  from  5 
the  pressure  sensor  4,  the  CPU  5  reads  pulse  wave 
digital  signals  from  the  ADC  9  when  the  applied  pres- 
sure  reaches  the  target  value,  performs  a  spectral 
analysis,  and  stores  the  results.  This  processing  is 
performed  on  each  of  the  target  pressure  values  men-  10 
tioned  above.  For  every  applied  pressure  a  spectral 
analysis  of  the  corresponding  pulse  wave  signals  is 
performed  and  the  results  are  saved  automatically. 

The  CPU  5  calculates  the  final  analytical  results 
on  a  subject's  circulation  system  as  indicated  below.  15 
First,  the  CPU  compares  the  amplitude  levels  of  the 
fundamental  wave  with  the  second  harmonic  wave  for 
each  applied  pressure,  and  outputs  a  pattern  of 
change  in  amplitude  level  with  respect  to  an  increase 
in  applied  pressure.  Based  on  the  experimental  re-  20 
suits  as  described  above,  patterns  are  divided  into 
several  groups,  such  as  five  groups  A-E,  according  to 
their  increase/decrease  trends.  For  example,  the  pat- 
terns  showing  the  greatest  increasing  trend  are 
placed  in  the  first  group,  and  the  patterns  showing  the  25 
greatest  decreasing  trend  are  placed  in  the  fifth 
group.  These  groups  are  pre-recorded  in  ROM  11. 

When  a  pattern  on  a  subject  is  obtained,  the  CPU 
5  determines  to  which  of  the  five  patterns  the  sub- 
ject's  pattern  is  closest,  or  with  which  of  the  pre-re-  30 
corded  patterns  the  subject's  pattern  has  the  highest 
degree  of  correlation.  As  a  level  indicating  the  the  vis- 
coelasticity  of  the  subject's  peripheral  circulation  tis- 
sue,  the  CPU  5  outputs  on  the  display  unit  10  the 
character  from  among  A-E  that  most  closely  matches  35 
the  tested  pattern. 

Thus,  the  closer  the  test  results  to  "A",  the  higher 
the  viscoelasticity  of  the  subject's  peripheral  circula- 
tion  tissue;  the  closer  the  test  results  to  "E",  the  lower 
the  viscoelasticity.  Any  fundamental  wave  amplitude  40 
less  than  5  mV  is  shown  on  the  display  unit  10  as  a 
"vanishing"  pressure.  These  test  results  are  also  stor- 
ed  in  the  above-mentioned  storage  means. 

The  peripheral  circulation  tissue  viscoelasticity 
levels  of  subjects  A  and  B,  described  above,  are  de-  45 
termined  as  "E"  and  "A",  respectively,  and  these  re- 
sults  are  indicated  on  the  display  unit  (1  0).  These  sub- 
jects'  vanishing  pressures  are  displayed  as  133 
g/cm2  and  167  g/cm2,  respectively.  By  merely  viewing 
the  test  results  displayed  automatically  after  a  pulse  50 
wave  measurement,  a  person  can  determine  his  own 
peripheral  circulation  viscoelasticity  level. 

By  operating  the  various  function  keys  provided 
on  the  keyboard,  the  operator  (or  the  subject)  can 
bring  up  various  graphs  of  the  subject's  pulse  wave  55 
data  on  the  display  unit  10.  These  graphs  enable  the 
operator  (or  the  subject)  to  learn  about  the  subject's 
physical  health  in  specific  detail. 

The  following  specific  types  of  graphs  can  be  pro- 
duced: 

(1)  Pulse  waveform  graph  for  each  applied  pres- 
sure 

This  graph  corresponds  to  Figure  2.  This 
original  pulse  wave  graph  indicates  whether  or 
not  there  have  been  temporal  pulse  wave  fluctu- 
ations  as  a  function  of  applied  pressure  during 
measurement  time  (80  seconds). 
(2)  FFT  analysis  graph  of  pulse  waveforms 

This  graph  corresponds  to  Figure  3.  This 
graph  of  amplitudes  in  a  frequency  region  indi- 
cates  the  frequency  distributions  of  the  funda- 
mental  wave  and  the  associated  harmonic  waves 
and  the  levels  of  these  waves. 
(3)  Graph  showing  the  relative  levels  of  pulse 
wave  spectra 

This  graph  corresponds  to  Figure  4.  This  nor- 
malized  graph  can  indicate  whether  or  not  there 
is  a  variation  in  relative  level  differences  between 
harmonic  waves  due  to  differences  in  applied 
pressure. 
(4)  Graph  of  the  relationship  between  applied 
pressure  and  the  spectra 

This  graph  corresponds  to  Figures  5-7.  This 
graph  indicates  the  type  of  change  in  amplitudes 
of  pulse  wave  spectra  as  a  function  of  applied 
pressure  and  the  pressure  level  at  which  the 
pulse  wave  spectra  vanish. 

<Another  example  of  analysis> 

The  following  is  an  example  in  which  the  pulse 
wave  analysis  device  of  Figure  1  was  used  to  ana- 
lyzed  the  pulse  waves  of  other  subjects  under  modi- 
fied  measurement  conditions. 

(1)  Subjects 

A  total  of  14  persons  (10  males  and  4  females) 
participated,  ranging  in  age  from  20  to  58. 

The  health  status  data  on  three  representative 
subjects  are  shown  below,  where  "Ht"  indicates  a 
blood  viscosity  index,  "GPT"  a  live  function  index,  and 
"TC"  a  lipid  level  value,  as  obtained  from  blood  tests. 
Subject  C  (a  33-year-old  male) 

Blood  pressure:  110  mm  Hg  over  60  mm  Hg 
Ht:  42.4,  GPT:  18,  TC:  120 

Subject  D  (a  26-year-old  male) 
Blood  pressure:  1  00  mm  Hg  over  60  mm  Hg 
Ht:  43.1,  GPT:  11,  TC:  130 

Subject  E  (a  34-year-old  male) 
Blood  pressure:  144  mm  Hg  over  100  mm  Hg 
Ht:  51  .9,  GPT:  45,  TC:  227 

(2)  Measurement  conditions 

The  pass  region  of  the  BPF  7  is  0.02  HZ  to  20  Hz. 
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The  amplifier  8  has  a  gain  of  12  dB.  Pressure  target 
values  are  defined  in  10  levels  from  a  minimum  of  20 
g/cm2  to  a  maximum  of  200  g/cm2,  with  an  increment 
of  20  g/cm2.  In  this  experiment  measurements  were 
taken  in  a  dark  room  at  a  room  temperature  of 
23+1  °C,  after  the  subject  was  allowed  to  rest  for  20 
minutes  in  the  sitting  position  after  fasting.  Each  sub- 
ject  was  required  to  control  his  or  her  breathing  at  a 
rate  of  18  breathing  motions  per  minute  for  the  dura- 
tion  of  an  80-second  pulse  wave  measurement  peri- 
od. 

(3)  Measurements  and  the  analytical  results 

Figure  12  shows  the  amplitude  waveform  (solid 
line  A)  of  the  pulse  wave  signals  for  subject  C  at  an 
applied  pressure  of  40  g/cm2  and  the  associated  res- 
piration  waveform  (solid  line  B).  The  horizontal  axis 
indicates  time  (in  seconds),  and  the  vertical  axis 
shows  voltage  (mV). 

The  waveform  represented  by  solid  line  A  indi- 
cates  fluctuations  that  are  synchronous  with  respira- 
tion  and  envelope  components,  originating  from  the 
autonomous  nervous  system  function,  and  that 
change  relatively  slowly,  as  well  as  pulse  wave  sig- 
nals. 

Figure  13  shows  the  results  of  the  FFT  analysis 
of  the  pulse  wave  data  indicated  in  Figure  12.  Figure 
1  3  corresponds  to  Figure  3. 

In  this  graph  peak  P2,  which  occurs  at  the  fre- 
quency  0.3  Hz,  similar  to  peak  P1  in  Figure  3,  appears 
to  be  from  fluctuations  associated  with  the  subject's 
breathing  control  (the  self-regulated  breathing  con- 
trol  at  a  rate  of  18  breathing  motions  per  minute,  as 
noted  above). 

Figures  14-1  6  show  the  amplitudes  (solid  lines  C- 
S1,  D-S1  and  E-S1)  of  the  fundamental  waves,  the 
amplitudes  (solid  lines  C-S2,  D-S2  and  E-S2)  of  the 
second  harmonic  waves,  and  the  amplitudes  (solid 
lines  C-S3,  D-S3  and  E-S3)  of  the  third  harmonic 
waves  of  the  pulse  wave  spectra  at  various  applied 
pressure  values  for  subjects  C,  D,  and  E.  The  horizon- 
tal  axis  shows  the  pressure  (g/cm2)  and  the  vertical 
axis  the  amplitude  (mV). 

The  graph  in  Figure  14  shows  maxima  at  two  lo- 
cations,  when  the  applied  pressure  is  40  g/cm2  and 
120-140  g/cm2,  for  any  of  the  fundamental  wave,  sec- 
ond  harmonic  wave,  or  third  harmonic  wave  ampli- 
tudes.  The  pattern  which  shows  this  type  of  change 
is  denoted  as  pattern  M1. 

The  graph  in  Figure  1  5  shows  a  maximum  at  one 
location,  when  the  applied  pressure  is  80-100  g/cm2, 
for  any  of  the  fundamental  wave,  second  harmonic 
wave,  or  third  harmonic  wave  amplitudes.  At  higher 
pressure  values  the  curve  decreases  gradually.  The 
pattern  which  shows  this  type  of  change  is  denoted 
as  pattern  M2. 

Similarly,  the  graph  in  Figure  16  shows  a  maxi- 

mum  at  one  location,  when  the  applied  pressure  is  80 
g/cm2,  for  any  of  the  fundamental  wave,  second  har- 
monic  wave,  or  third  harmonic  wave  amplitudes.  Be- 
yond  this  pressure  value  the  curve  decreases  rapidly. 

5  The  pattern  which  shows  this  type  of  change  is  denot- 
ed  as  pattern  M3. 

In  the  remaining  11  persons  whose  pulse  wave 
spectra  were  measured,  all  spectral  changes  could 
be  classified  as  patterns  M1,  M2,  or  M3. 

10  The  blood  pressure  and  hematological  test  re- 
sults  of  subjects  C  and  D,  whose  test  results  match 
pattern  M1  or  M2  defined  in  (1)  above,  indicate  nor- 
mal  values.  By  contrast,  the  blood  pressure  and  he- 
matological  test  results  of  subject  E,  whose  test  re- 

15  suits  match  pattern  M3,  are  higher  than  the  normal 
value.  Similarly,  subjects  who  showed  abnormal 
blood  pressure  and  hematologocal  test  results  as 
conducted  by  a  physician  produced  a  pulse  wave 
spectral  change  pattern  that  matched  M3. 

20  These  results  suggest  that  the  differences  be- 
tween  these  three  patterns  reflect  differences  in  the 
viscoelasticity  the  subjects'  peripheral  circulation  tis- 
sues.  Consequently,  these  patterns  can  be  stored  in 
ROM  11  for  use  in  determining  the  viscoelasticity  lev- 

25  el  of  a  subject's  peripheral  circulation  tissue. 
In  these  analyses  changes  in  pulse  wave  pattern 

in  different  time  regions  were  also  investigated. 
Figure  17  is  an  enlargement  of  the  amplitude  wa- 

veform  of  subject  E's  pulse  wave  signals  at  the  ap- 
30  plied  pressure  80  g/cm2.  The  waveform  for  the  output 

period  T  of  pulses  show  waves  indicated  by  codes  a 
through  c.  Wave  a  is  referred  to  as  an  ejection  wave, 
b  as  a  tidal  wave,  and  c  as  a  dicrotic  wave.  The  max- 
imum  values  of  ejection  waves  and  dicrotic  waves  are 

35  defined  as  peaks  Vp  and  Vd,  respectively.  The  time 
in  which  the  first  ejection  wave  that  occurs  is  at  a  level 
1  0%  to  90%  of  peak  Vp  is  defined  as  the  rise  time  Tr 
(msec),  and  the  time  in  which  the  level  is  50%  of  peak 
Pv  is  defined  as  the  half  width  (msec)  of  the  pulse  wa- 

40  veform. 
Figure  18  is  a  graph  plotting  the  locus  between 

the  ratios  of  peak  values  Vp  to  Vd  (Vd/Vp)  (the  hori- 
zontal  axis)  versus  rise  time  Tr  (the  vertical  axis) 
when  the  applied  pressure  is  allowed  to  vary  from  20 

45  g/cm2  to  140  g/cm2.  The  solid  line  a  indicates  the  locus 
for  subject  C,  and  the  broken  line  b  indicates  that  for 
subject  E. 

In  the  case  of  subject  C,  indicated  by  solid  line  a, 
when  the  applied  pressure  increases  over  a  range 

so  from  20  g/cm2  to  80  g/cm2,  both  the  ratio  Vd/Vp  and 
the  rise  time  Tr  increase  so  that  when  the  ratio  Vd/Vp 
reaches  a  maximum,  so  does  the  rise  time  Tr.  These 
two  quantities  decrease  rapidly  when  the  applied 
pressure  exceeds  the  100  g/cm2  level. 

55  In  the  case  of  subject  E,  indicated  by  broken  line 
b,  when  the  applied  pressure  increases  over  a  range 
from  20  g/cm2  to  60  g/cm2,  the  rise  time  Tr  diminishes 
while  the  ratio  Vd/Vp  remains  unchanged.  When  the 

8 
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applied  pressure  increases  over  a  range  from  20 
g/cm2  to  1  00  g/cm2,  the  ratio  Vd/Vp  increases  but  the 
rise  time  Tr  hardly  changes.  Any  further  increase  in 
applied  pressure  causes  a  rapid  decline  in  the  Vd/Vp 
ratio  with  little  change  in  the  rise  time  Tr.  5 

The  relationships  between  the  Vd/Vp  ratios  and 
rise  times  Trforthe  remaining  12  persons  all  showed 
loci  similar  to  solid  line  a. 

The  pattern  of  change  indicated  by  solid  line  a  is 
denoted  as  pattern  M11  and  the  pattern  of  change  in-  10 
dicated  by  broken  line  b  is  denoted  as  pattern  M12. 
Subject  C,  whose  graph  matches  pattern  M11,  indi- 
cate  normal  blood  pressure  and  hematological  val- 
ues.  On  the  other  hand,  subject  E,  whose  graph 
matches  pattern  M12,  shows  blood  pressure  and  he-  15 
matological  test  results  exceeding  the  normal  value. 
This  subject  was  diagnosed  by  a  physician  as  having 
circulation  system  abnormalities. 

Although  not  shown  in  a  figure,  patterns  indicat- 
ed  by  loci  between  the  ratio  Th/T  of  pulse  output  per-  20 
iod  Tto  half-width  period  Th  and  the  rise  time  Tr,  when 
the  applied  pressure  is  allowed  to  vary,  show  similar 
individual  differences. 

From  these  results  it  appears  that  these  pattern 
differences  can  be  used  to  test  a  subject's  illness.  25 
Therefore,  by  storing  these  patterns  in  ROM  11,  it 
should  be  possible  to  determine  a  subject's  physical 
health  based  on  these  patterns. 

As  described  above,  this  embodiment  permits 
the  automatic  measurement  of  subjects'  fingertip  pie-  30 
thysmograms  relative  to  various  applied  pressure  val- 
ues  and  the  objective  display  of  the  behavior  of  pulse 
waves  relative  to  an  applied  pressure,  based  on 
changes  in  the  frequency  spectra  of  pulse  waves  as 
a  function  of  change  in  applied  pressure.  35 

The  illustration  of  the  relationship  between  fin- 
gertip  plethysmograms  and  applied  pressure  by 
means  of  various  graphs  enables  expert  analyzers  to 
diagnose  specifically  the  condition  of  a  subject's  cir- 
culation  system  by  consulting  the  graphs.  40 

Because  these  analytical  results  and  graph  date 
can  be  saved,  an  analysis  database  can  be  created 
for  each  subject  for  use  in  his  or  her  health  manage- 
ment.  Further,  based  upon  these  databases,  the  pat- 
terns  used  for  judging  the  results  of  analyses  (pat-  45 
terns  A  through  E  in  this  embodiment)  can  be  modi- 
fied,  and  patterns  can  be  subdivided  into  finer  cate- 
gories  in  order  to  construct  pulse  wave  analysis  de- 
vices  that  incorporate  further  improvements  in  accu- 
racy.  50 

Further  investigation  by  the  inventors  of  the  pres- 
ent  patent  applications  of  the  data  obtained  as  a  result 
of  these  analyses  produced  the  results  shown  in  Fig- 
ure  19.  Figure  19  is  a  graph  of  applied  pressure  values 
(plotted  on  the  horizontal  axis)  and  the  ratios  of  peak  55 
Vp  of  the  aforementioned  drive  waves  to  peak  Pd  of 
the  aforementioned  superimposed  waves  (Vd/Vp), 
plotted  on  the  vertical  axis,  covering  six  male  sub- 

jects.  The  results  indicate  the  occurrence  of  individ- 
ual  differences  at  the  pressure  at  which  the  Vd/Vp  ra- 
tio  reached  its  maximum.  A  similar  investigation  of 
the  ratio  (Th/T)  of  pulse  output  period  T  to  half-width 
period  Th  also  indicates  the  occurrence  of  individual 
differences  at  the  pressure  at  which  the  Th/T  ratio 
reaches  its  maximum. 

Figure  20  is  a  graph  which  shows  the  relationship 
between  ages  (horizontal  axis)  and  rise  times  Tr 
(vertical  axis)  of  the  subjects  when  pressure  is  ap- 
plied  so  that  in  each  subject  the  Vd/Vp  ratio  reaches 
its  maximum.  The  results  indicate  a  strong  correla- 
tion  (correlation  coefficient  r=  0.71)  between  age  and 
the  rise  time  Tr. 

Similarly,  Figure  21  is  a  graph  which  shows  the 
relationship  between  ages  (horizontal  axis)  and  rise 
times  Tr  (vertical  axis)  of  the  subjects  when  pressure 
is  applied  so  that  in  each  subject  the  Th/T  ratio  reach- 
es  its  maximum.  The  results  indicate  a  considerable 
correlation  (correlation  coefficient  r  =  0.45)  between 
the  age  and  the  rise  time  Tr,  although  lower  than  the 
correlation  that  was  found  when,  as  described  above, 
pressure  was  applied  so  that  the  Vd/Vp  ratio  reached 
its  maximum. 

Figure  22  is  a  graph  which  shows  the  relationship 
between  the  ages  (horizontal  axis)  of  subjects  and 
their  artery  hardening  indices  (vertical  axis)  as  ob- 
tained  from  blood  tests.  The  artery  hardening  index 
is  a  numerical  value  obtained  from  the  total  cholester- 
ol  amount  (mg/dl),  TCH,  and  the  amount  of  high- 
density  lipoprotein  cholesterol  (mg/dl),  HCL_C,  ac- 
cording  to  the  following  formula: 

(TCH  -  HCL_C)/C=HCL_C  (1) 
Thus,  the  index,  which  is  the  amount  of  "bad" 

cholesterol  divided  by  the  amount  of  "good"  cholester- 
ol,  is  considered  to  be  indicative  of  the  extent  of  aging 
of  the  blood  vessels.  A  high  degree  of  correlation  (cor- 
relation  coefficient  r  =  0.64)  is  also  found  in  the  rela- 
tionship  between  age  and  the  artery  hardening  index. 

The  results  of  Figures  20-22  suggest  that  it  would 
be  possible  to  evaluate  the  condition  of  a  subject's 
blood  vessels,  i.e.,  the  extent  of  their  aging,  by  deter- 
mining  the  rise  time  Trwhen  a  pressure  is  applied  so 
that  either  the  ratio  Vd/Vp  or  Th/T  reaches  its  maxi- 
mum  in  the  subject.  The  following  describes  an  imple- 
mentation  of  this  scheme. 

The  pulse  wave  analysis  device  of  this  embodi- 
ment  has  a  configuration  similar  to  that  of  the  equip- 
ment  shown  is  Figure  1  .  This  pulse  wave  analysis  de- 
vice,  in  its  ROM  (11),  contains  either  a  formula  or  a  ta- 
ble  indicating  the  correlation  between  rise  time  Trand 
age,  as  shown  by  the  solid  lines  in  Figures  20  and  21  . 
In  this  embodiment  the  device  is  operated  as  follows: 

(1)  Under  the  control  of  the  CPU  5,  the  device 
reads  a  subject's  pulse  waves  which  are  deter- 
mined  when  the  pressure  is  allowed  to  vary  step- 
wise. 
(2)  For  each  pressure  value  the  CPU  5  determi- 
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nes  either  the  ratio  Vd/Vp  or  Th/T  and  the  rise 
time  Tr  and  stores  the  results  in  RAM  5. 
(3)  The  CPU  5  selects  that  pressure  at  which  eith- 
er  the  ratio  Vd/Vp  or  Th/T  reaches  its  maximum 
and  checks  the  corresponding  rise  time  Tr  by  ref- 
erencing  either  the  above  formula  or  the  table  in 
order  to  determine  the  extent  of  aging  of  the  sub- 
ject's  blood  vessel. 
This  method  permits  diagnoses  under  conditions 

wherein  the  state  of  a  subject's  blood  vessels  can  be 
determined  most  clearly,  and  thus  enables  one  to 
make  accurate  diagnoses. 

[Second  Preferred  Embodiment] 

This  embodiment  proposes  a  portable  pulse 
wave  analysis  device  that  implements  the  pulse  wave 
measurement  function  of  the  pulse  wave  analysis  de- 
vice  described  in  Embodiment  1  and  the  function  of 
determining  the  viscoelasticity  of  subjects'  peripheral 
circulation  tissues  by  means  of  the  spectral  analysis 
of  measurement  results.  Specifically,  this  embodi- 
ment  proposes  a  pulse  analysis  device  that  can  be 
built  into  a  wrist-watch. 

The  objective  of  this  pulse  wave  analysis  device 
is  to  provide  a  means  of  simple  daily  analyses  by  or- 
dinary  people  for  their  own  health  management.  The 
key  considerations  are  ease  of  use  and  a  compact  de- 
sign  so  that  the  pulse  wave  analysis  device  can  easily 
fit  into  a  wrist-watch. 

A.  Configuration  of  the  embodiment 

Figure  8  shows  the  configuration  of  the  pulse 
wave  analysis  device,  built  into  a  wrist-watch,  of  the 
second  preferred  embodiment  of  the  present  inven- 
tion. 

In  the  figure,  20  denotes  the  wrist-watch  proper, 
which  contains  an  LCD  display  unit  21,  a  finger-butt 
22,  a  time-setting  button  23,  and  an  analysis  mode 
button  24. 

The  LCD  display  unit  21  consists  of  a  time  display 
unit  21a  and  a  message  display  unit  21b.  During  both 
normal  usage  and  the  analysis  mode,  the  time  display 
unit  21a  indicates  the  current  time.  Because  the  ana- 
lysis  mode  continues  to  display  time,  the  operator,  if 
desired,  can  check  the  current  time  while  performing 
an  analysis. 

The  message  display  unit  21b,  during  normal  us- 
age,  shows  the  date  and  the  day  of  the  week.  During 
the  analysis  mode  it  displays  measurement  and  ana- 
lysis  messages  and  related  information. 

The  finger-butt  22  is  that  part  of  the  device 
against  which  the  tip  of  the  second  finger  of  the  hand 
which  is  not  wearing  the  wrist-watch  is  pressed. 

The  time-setting  button  23  is  used  to  set  time  as 
in  any  ordinary  wrist-watch.  The  analysis  mode  but- 
ton  24  is  used  to  start  and  stop  the  analysis  function. 

Figure  9  shows  the  internal  configuration  of  the 
pulse  wave  analysis  device  to  be  built  into  a  wrist- 
watch. 

The  underside  of  the  finger-butt  22  is  provided 
5  with  an  optical  fingertip  plethysmogram  sensor  25 

and  a  stress  gauge  26. 
The  optical  fingertip  plethysmogram  sensor  25  is 

composed  of  an  infrared  (940  nm  wavelength)  light- 
emitting  diode  35  and  an  optical  sensor  (a  phototran- 

10  sistor)  36. 
The  light  emitted  from  the  infrared  light-emitting 

diode  35  is  reflected  through  the  blood  vessels  in  the 
finger  tip  placed  on  the  finger-butt  22,  and  is  picked 
up  by  the  optical  sensor  36  where  it  undergoes  a  pho- 

15  toelectric  conversion,  thus  producing  pulse  wave  de- 
tection  signal  M. 

Because  the  resistance  of  the  stress  gauge  26 
varies  with  the  amount  of  stress,  pressure  signal  P 
that  is  detected  is  proportional  to  the  pressure  exert- 

20  ed  by  the  subject's  finger  through  the  finger-butt  22. 
27  denotes  a  band  filter  (BPF),  which  has  a  pass 

band  as  in  the  case  of  Embodiment  1  .  28  denotes  an 
amplifier  which  has  gains  that  permit  the  type  of  sig- 
nal  processing  described  below.  29  and  33  denote 

25  analog/digital  converters  (ADCs). 
ADC  29  converts  the  pulse  wave  signals  (analog 

signals)  supplied  through  the  BPF  27  and  the  ampli- 
fier  28  into  8-bit  digital  signals  that  are  quantized  in 
256  steps.  The  sampling  frequency  f  of  ADC  29  is  set 

30  so  that  it  is  greater  than  or  equal  to  double  the  fre- 
quency  band  of  the  pulse  wave  signals. 

Similarly,  ADC  33  converts  pressure  signal  P,  de- 
tected  by  the  stress  gauge  26,  into  digital  signals  and 
outputs  them. 

35  30  denotes  a  controller,  31  ROM,  and  32  a  display 
circuit. 

ROM  31  stores  in  its  memory  a  control  program 
for  the  measurement  of  pulse  waves,  a  fast  Fourier 
transform  (FFT)  program  that  analyzes  the  pulse 

40  wave  spectra  obtained  through  measurement,  and 
programs  that  analyze  a  subject's  physical  health 
based  upon  the  results  of  the  spectral  analyses. 

In  this  embodiment  there  are  three  patterns,  A-C 
(rising  on  the  right,  flat,  and  declining  on  the  right), 

45  that  indicate  the  characteristics  of  pulse  wave  spectra 
for  various  pressure  values.  These  patterns  are  used 
to  analyze  the  condition  of  the  subject's  peripheral  cir- 
culation  tissue. 

The  controller  30  executes  the  programs  stored 
so  in  ROM  31  in  order  to  determine  the  subject's  pulse 

wave  spectra  at  various  pressure  values  and  analyze 
the  subject's  pulse  waves  based  on  the  spectra  thus 
obtained.  Specifically,  the  controller  performs  the 
FFT  processing  of  the  pulse  wave  signals  outputfrom 

55  the  ADC  29  and  computes  the  level  HL  of  their  fun- 
damental  waves. 

In  this  embodiment  five  gradations  of  applied 
pressure  are  defined:  67,  83,  100,  117,  and  133 
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g/cm2.  Unlike  in  the  first  preferred  embodiment,  in 
this  embodiment  the  applied  pressure  is  not  automat- 
ically  controlled;  rather,  the  amount  of  pressure  ap- 
plied  depends  on  how  firmly  the  subject  presses  his 
finger. 

Therefore,  to  ensure  valid  measurements  an  ap- 
propriate,  allowable  range  must  be  established  for 
each  level  of  applied  pressure.  In  this  embodiment  an 
allowable  range  of  g/cm2  is  defined  for  each  of  the 
above  applied  pressure  values. 

The  controller  30  sequentially  transmits  to  the 
display  circuit  32  message  date  which  show  the  ana- 
lysis  procedures  and  graphic  date  which  guide  the 
user  so  that  the  subject  presses  on  the  finger-butt  22 
with  requisite  pressure.  The  display  circuit  32  outputs 
these  display  date  on  the  aforementioned  message 
display  unit  21b. 

Depending  on  the  amount  of  memory  available  in 
ROM  31  or  the  processing  capacity  of  the  controller 
30,  the  types  of  analysis  patterns  stored  in  the  mem- 
ory  for  the  analysis  of  the  subject's  peripheral  circu- 
lation  tissue  viscoelasticity  can  be  increased. 

For  the  analysis  of  pulse  wave  spectra  the  levels 
of  the  second  harmonic  wave,  as  well  as  those  of  the 
fundamental  wave,  can  also  be  computed. 

To  reduce  the  power  consumption  in  battery-op- 
erated  wrist-watches,  as  in  the  case  of  this  embodi- 
ment,  the  power  for  the  optical  fingertip  plethysmo- 
gram  sensor  25  and  forthe  strain  gauge  26  should  be 
turned  on  only  when  the  analysis  made  is  on. 

For  this  purpose  a  switch  is  provided  on  the  lines 
that  are  used  to  supply  power  to  the  sensors.  In  Figure 
9,  code  S  denotes  the  switch  provided  for  the  optical 
fingertip  plethysmogram  sensor  25. 

A  similar  switch  is  also  provided  for  the  strain 
gauge  26. 

Switch  drive  circuits,  not  shown  in  the  figure,  are 
provided  for  these  switches.  The  circuits  supply  pow- 
er  intermittently  to  the  various  sensors  by  turning  the 
switches  on  and  off. 

Figure  1  0A  shows  a  timing  signal  that  turns  the 
switches  on  and  off.  This  signal  goes  into  the 
H"  (high-level)  state  only  during  the  analysis  mode. 

In  Figure  10A,  during  the  non-analysis  mode,  i.e., 
when  the  wrist-watch  is  operating  as  an  ordinary 
wrist-watch,  the  timing  signal  goes  into  the  L"  (low- 
level)  state,  during  which  the  switches  are  turned  off 
and  no  power  is  supplied  to  either  the  optical  fingertip 
plethysmogram  sensor  25  or  to  the  strain  gauge  25. 

When  the  analysis  mode  button  24  is  pressed  by 
the  user  and  the  analysis  mode  starts,  the  timing  sig- 
nal  goes  into  the  H"  state  which  turns  on  the  switches 
and  supplies  power  to  both  the  optical  fingertip  ple- 
thysmogram  sensor  25  and  the  strain  gauge  26. 

When  the  analysis  mode  button  25  is  pressed 
again  by  the  user  and  the  analysis  mode  ends,  the 
timing  signal  reverts  to  the  L"  state  which  turns  off 
the  switches  and  shuts  off  the  power  to  the  sensors. 

The  length  of  time  in  which  the  analysis  mode  is 
operative  would  be  very  small  compared  to  the  total 
amount  of  time  in  which  the  wrist-watch  is  worn  by  the 
user. 

5  Therefore,  the  use  of  such  a  timing  signal  to  sup- 
ply  power  to  the  sensors  during  the  analysis  mode, 
which  ensures  that  the  current  is  supplied  to  the  sen- 
sors  only  when  the  analysis  mode  is  executed,  con- 
siderably  reduces  overall  power  consumption  by  the 

10  wrist-watch. 
As  a  further  power-saving  measure  in  this  analy- 

sis  mode  it  is  possible  to  turn  the  switch  s  on  and  off, 
based  on  the  timing  action  of  a  pulse  signal  (Figure 
10B)  that  goes  into  the  H"  state  only  when  the  pulse 

15  wave  detection  signal  is  AD-converted  (analog/digi- 
tal)  by  the  ADC  29,  so  that  the  output  from  the  optical 
fingertip  plethysmogram  sensor  25  is  produced  only 
when  an  AD  conversion  is  performed. 
A  similar  configuration  can  also  be  provided  for  the 

20  strain  gauge  26. 
Alternatively,  regardless  of  whether  or  not  the 

analysis  mode  is  on,  it  is  possible  to  turn  the  switches 
on  and  off  based  on  the  timing  action  of  a  pulse  signal 
that  goes  into  the  H"  state  only  when  the  detection 

25  signals  from  the  sensors  are  AD-converted,  so  that 
the  output  from  the  sensors  is  produced  only  when  an 
AD  conversion  is  performed. 

B:  operation  of  the  embodiment 
30 

The  following  is  an  explanation  of  the  specific 
procedures  for  executing  the  analysis  mode  using 
this  wrist-watch  and  the  operation  of  the  pulse  wave 
analysis  device.  For  the  various  execution  steps  the 

35  messages  that  appear  on  the  message  display  unit 
21b  will  also  be  explained  in  the  order  in  which  they 
appear. 

Pressing  the  analysis  mode  button  24  enables 
the  wrist-watch  as  a  pulse  wave  analysis  device. 

40  Pressing  the  analysis  mode  button  24  for  a  second 
time  returns  the  wrist-watch  to  its  normal  operation. 

Pressing  the  analysis  mode  button  24  in  the  midst 
of  an  analysis  causes  the  analysis  operation  to  be  in- 
terrupted  and  resets  the  wrist-watch  to  its  normal  op- 

45  eration. 
When  the  subject  wearing  the  wrist-watch 

presses  the  analysis  mode  button  24,  a  message 
"PRESS  UP  TO  1"  appears  on  the  message  display 
unit  21b. 

so  When  the  subject  places  his  finger  on  the  finger- 
butt  22  and  gradually  presses  it  against  the  finger  butt 
22,  the  message  display  unit  21b  changes  into  a 
graph  display  as  shown  in  Figure  11  A. 

In  this  figure  triangle  marks  ml-m5  indicate  the 
55  measurement  points  that  correspond,  from  left  to 

right,  to  the  aforementioned  applied  pressure  values 
67,  83,  100,  117,  and  133  g/cm2. 

Then,  bar-shaped  marks,  as  indicated  by  code  p, 

11 
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are  displayed  sequentially  from  the  left.  The  number 
of  displayed  marks  is  equal  to  the  actual  amount  of 
applied  pressure  as  detected  by  the  strain  gauge  26. 
While  looking  at  these  bar-shaped  marks,  the  subject 
first  presses  his  finger  against  the  finger-butt  22  until 
mark  P  extends  to  the  position  of  mark  ml  which  indi- 
cates  the  first  measurement  point  (the  condition 
shown  in  Figure  11A). 

In  a  condition  in  which  mark  P  is  displayed  up  to 
the  position  indicated  by  mark  ml,  the  current  pres- 
sure  is  within  the  allowable  measurement  range  (+2 
g/cm2)  for  the  first  measurement  point  (67  g/cm2). 

If  the  current  pressure  falls  outside  the  allowable 
measurement  range  even  slightly,  the  P  marks  before 
and  after  the  indicated  P  mark  blink  intermittently. 

If  the  applied  pressure  falls  within  an  allowable 
measurement  range  for  a  short  time  as  described 
above,  the  graph  display  in  the  message  display  unit 
21b  terminates.  When  this  happens,  the  message  dis- 
play  unit  21b  shows  a  "PLEASE  DO  NOT  MOVE" 
message,  and  pulse  wave  signal  M  is  detected  for  a 
specified  length  of  time. 

If  the  subject  moves  his  finger  during  the  detec- 
tion  period  and  the  applied  pressure  detected  by  the 
strain  gauge  26  deviates  from  the  allowable  measure- 
ment  range,  a  message  "REDO"  appears  on  the  mes- 
sage  display  unit  21b. 

When  this  happens,  the  display  on  the  message 
display  unit  21b  again  switches  to  the  graph  display 
mode.  At  this  point  the  subject  must  adjust  the  pres- 
sure  he  is  applying  so  that  mark  P  extends  to  the  pos- 
ition  of  mark  ml  which  indicates  the  first  measurement 
point. 

When  pulse  wave  signal  M  has  been  detected  for 
a  specified  length  of  time,  the  pulse  wave  data  are 
transmitted  to  the  controller  30  via  the  BPF  27,  the 
amplifier  28,  and  the  ADC  29.  The  controller  performs 
the  FFT  processing  on  these  pulse  wave  data  in  order 
to  calculate  level  HLI  of  the  fundamental  wave. 

When  the  measurement  of  the  first  measurement 
point  is  completed  in  this  manner,  a  message  "PRESS 
UP  TO  2"  appears  on  the  message  display  unit  21b, 
and  the  message  display  unit  21b  again  switches  to 
the  graph  display  mode  as  described  above. 

The  subject  then  presses  the  finger-butt  22 
somewhat  more  firmly  so  that  the  bar-shaped  mark  P 
extends  to  the  position  of  mark  ml  which  indicates  the 
second  measurement  point  (the  condition  shown  in 
Figure  11  B). 

The  condition  shown  in  Figure  11  B  indicates  that 
the  current  pressure  is  within  the  allowable  measure- 
ment  range  (+2  g/cm  2)  for  the  second  measurement 
point  (83  g/cm  2). 

Pulse  wave  data  are  collected  successively  as 
the  subject  presses  his  finger  against  the  finger-butt 
22  successively  up  to  the  fifth  measurement  point  ac- 
cording  to  the  displayed  messages.  As  a  result,  levels 
HL1-HL5  of  the  fundamental  waves  are  calculated. 

The  controller  30  determines  to  which  of  the  three 
patterns  indicated  above  the  variation  characteristic 
of  the  detected  levels  HL1-HL5  is  closest,i,e,  with 
which  pattern  the  variation  characteristic  has  the 

5  highest  degree  of  correlation. 
The  name  of  the  pattern  thus  selected,one  of  the 

letters  A  through  C,  is  displayed  on  the  message  dis- 
play  unit  21b. 

The  determination  is  then  made  as  to  which  of  the 
10  five  applied  pressure  values  causes  the  detection  lev- 

el  for  the  fundamental  wave  to  fall  below  the  5  mV  lev- 
el.  The  result  of  this  determination  is  displayed  in 
terms  of  a  measurement  point  number  (1-5)  following 
the  pattern  name. 

15  If  none  of  the  five  applied  pressure  values  causes 
the  detection  level  for  the  fundamental  wave  to  fall  be- 
low  the  6  mV  level,  the  "*"  symbol  will  be  displayed  in 
place  of  a  measurement  point  number. 

In  the  case  of  subject  A,  who  was  referred  to  in 
20  Embodiment  1  ,  and  who  used  the  pulse  wave  analys- 

es  device  at  about  the  same  time  as  the  example  date 
were  collected,  the  test  result  "C5"  would  be  dis- 
played  based  upon  the  spectral  change  characteristic 
shown  in  Figure  5. 

25  Similarly,  in  the  case  of  subject  B  the  test  result 
"A*"  would  be  displayed  based  upon  the  spectral 
change  characteristic  shown  in  Figure  6. 

Thus,  according  to  this  embodiment  the  use  of  a 
pulse  wave  analysis  device,  is  built  into  a  wrist-watch 

30  worn  daily  by  the  subject,  allows  him  to  obtain  infor- 
mation  on  his  peripheral  circulation  tissue  at  any  time 
simply  by  pressing  his  finger  and  based  upon  the  fre- 
quency  spectrum  of  the  pulse  waves. 

The  effectiveness  of  the  subject's  personal 
35  health  management  could  be  enhanced,  for  example, 

if  he  were  to  perform  diagnostic  checks  periodically 
and  consult  the  physician  or  contact  a  medical  care 
facility  whenever  any  sudden  change  in  analytical  re- 
sults  occurs. 

40  An  optional  memory  for  storing  several  check  re- 
sults  can  be  provided  so  that  the  subject  can  review 
them  periodically. 

Although  this  embodiment  uses  a  strain  gauge  as 
a  means  of  detecting  finger  pressure  as  exerted  by 

45  the  subject,  the  present  invention  is  by  no  means  lim- 
ited  to  this  configuration.  For  example,  the  finger-butt 
can  be  a  spring-based  movable  mechanism,  wherein 
the  level  of  the  applied  pressure  is  detected  on  the  ba- 
sis  of  the  extent  to  which  the  spring  stretches  or  con- 

50  tracts. 
To  obtain  the  desired  pressure,  in  this  embodi- 

ment  marks  ml  -  m5,  that  indicate  measurement 
points  for  different  pressure  values,  are  displayed  on 
the  message  display  unit  21b. 

55  On  the  other  hand,  the  number  of  bar-shaped 
marks  that  are  displayed  per  unit  of  pressure  can  be 
made  inversely  proportional  to  the  target  pressure 
value  so  that,  whenever  the  target  pressure  changes, 

12 
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one  mark  is  displayed  at  the  same  position,  e.g.,  in  the 
center  on  the  message  display  unit  21  b  and  also  that 
bar-shaped  marks  will  be  displayed  as  successively 
higher  values  for  each  increase  in  pressure  up  to  the 
indicated  mark.  5 

Also  optionally  indirect  health  tip  messages  31  for 
different  pulse  wave  analysis  patterns  can  be  stored 
in  ROM  so  that  these  messages  are  displayed  on  the 
message  display  unit  21  b  in  conjunction  with  the  dis- 
play  of  analytical  results.  10 

Although  this  embodiment  uses  a  wrist-watch  as 
the  housing  unit  for  a  portable  pulse  wave  analysis 
device,  the  present  invention  is  by  no  means  limited 
to  this  configuration.  A  similar  pulse  wave  analysis 
device  can  be  incorporated  into  any  personal  articles  15 
that  are  worn  or  used  on  a  daily  basis. 

In  the  above  embodiments  it  is  also  possible  to 
test  patterns  of  change  in  pulse  waves,  based  on  a 
variety  of  other  characteristics,  without  analyzing 
pulse  wave  specter  or  any  of  the  aforementioned  20 
pulse  wave  characteristics  (peak  valued  Vp  and  vd, 
and  rise  time  Tr)  that  occur  in  the  various  time  regions 
with  regard  to  a  change  in  the  pressure  applied  to  a 
given  pulse  wave  detection  site  on  the  body.  The  site 
for  the  detection  of  pulse  waves  is  by  no  means  Mm-  25 
ited  to  a  finger  tip.  Toe  tips  or  other  peripheral  parts 
of  the  body  can  also  be  used  for  the  measurement  of 
pulse  waves  simply  by  applying  pressure  to  them. 

Further,  the  use  of  the  analytical  device  of  the 
present  invention  is  by  no  means  limited  to  the  ana-  30 
lysis  of  fingertip  plethysmograms  as  described 
above.  The  device  can  also  be  used  for  the  analysis 
of  radial  artery  pulse  waves,  which  can  be  obtained 
by  pressing  the  subject's  wrist,  as  well  as  other  types 
of  pulse  waves.  Beyond  the  optical  method  used  in  35 
this  embodiment,  acoustic,  electromagnetic  wave, 
and  other  means  to  detect  pulse  waves  can  also  be 
employed. 

40 
Claims 

1.  A  pulse  wave  analysis  device  comprising: 
pulse  wave  detection  means  for  detecting 

pulse  waves  from  the  body;  45 
pressure  detection  means  for  detecting 

the  pressure  applied  at  the  site  on  the  body  at 
which  pulse  waves  are  detected;  and 

identifying  means  for  identifying  a  varia- 
tion  pattern  of  the  pulse  waves  detected  by  the  50 
pressure  detection  means  relative  to  a  change  in 
the  pressure  applied  at  the  detection  site. 

2.  The  pulse  wave  analysis  device  according  to 
claim  1  further  comprising: 

pressurization  for  applying  a  pressure  to 
the  pulse  wave  detection  site  on  the  body. 

3.  The  pulse  wave  analysis  device  according  to 
claim  2  further  comprising: 

pressure  control  means  for  stepwise  vary- 
ing  the  pressure  applied  by  the  pressurization 

5  means  at  the  detection  site, 
whereby  the  said  pulse  wave  detection 

means  detects  pulse  waves  which  correspond  to 
the  pressure  applied  at  the  detection  site,  and  the 
identifying  means  identifies  the  variation  pattern 

10  of  the  pulse  waves  based  on  the  pulse  waves  cor- 
responding  to  the  various  pressures. 

4.  The  pulse  wave  analysis  device  according  to 
claim  3  wherein  the  pressurization  means  com- 

15  prises  a  cuff  band  for  wrapping  a  part  of  the  body 
and  an  air  pump  that  supplies  air  to  the  cuff  band, 

whereby  the  pressure  control  means  reg- 
ulates  the  amount  of  air  supplied  from  the  air 
pump  to  the  cuff  band  so  that  the  pressure  ap- 

20  plied  at  the  detection  site  equals  an  established 
target  value. 

5.  The  pulse  wave  analysis  device  according  to 
claim  1  further  comprising: 

25  display  means  for  displaying  a  graph  of  the 
target  pressure  value  to  be  applied  at  the  pulse 
wave  detection  site  and  of  the  pressure  detected 
by  the  pressure  detection  means;  and 

a  pulse  wave  detection  control  means  that 
30  enables  the  pulse  wave  detection  means  to  de- 

tect  pulse  waves  when  the  pressure  detected  by 
the  pressure  detection  means  is  within  the  range 
corresponding  to  a  target  pressure  value. 

35  6.  The  pulse  wave  analysis  device  according  to 
claim  5  further  comprising: 

means  for  sequentially  and  stepwise  vary- 
ing  the  target  pressure  value  and  issuing  an  in- 
struction  for  pulse  wave  detection  for  each  target 

40  value  to  the  pulse  wave  detection  means;  such 
that  the  pulse  wave  pattern  test  means  performs 
pattern  tests  according  to  the  pulse  waves  corre- 
sponding  to  the  various  pressure  values. 

45  7.  The  pulse  wave  analysis  device  according  to 
claim  3  wherein  the  identifying  means  comprises 
frequency  analysis  means  that  detects  the  pulse 
wave  spectra  that  are  detected  by  the  pulse  wave 
detection  means,  and  the  patterns  are  pulse 

50  wave  spectral  change  patterns  that  correspond 
to  changes  in  pressure  as  obtained  by  the  fre- 
quency  analysis  means. 

8.  The  pulse  wave  analysis  device  according  to 
55  claim  7  further  comprising  pattern  memory 

means  that  stores  the  pulse  wave  spectra  corre- 
sponding  to  the  pressures  applied  at  the  detec- 
tion  site  as  patterns  for  each  predetermined  body 
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condition, 
whereby  the  identifying  means  outputs 

the  pattern  that  is  closest,  among  the  patterns 
stored  in  the  pattern  memory  means,  to  the  pulse 
wave  spectrum  corresponding  to  the  pressures  5 
determined  by  the  frequency  analysis  means. 

9.  The  pulse  wave  analysis  according  to  claim  7  fur- 
ther  comprising  means  for  outputting  pressure 
values  so  that  the  amplitudes  of  the  pulse  wave  10 
spectra  corresponding  to  the  various  pressures 
determined  by  the  frequency  analysis  means  are 
less  than  a  specified  value. 

10.  The  pulse  wave  analysis  device  according  to  15 
claim  3  wherein  the  identifying  means  is  equip- 
ped  with  a  waveform  shape  analysis  means  that 
detects  the  level  ratios  of  the  peaks  that  appear 
in  the  pulse  waves  detected  by  the  pulse  wave 
detection  means,  and  the  rise  time  of  the  said  20 
pulse  waves;  such  that  the  said  patterns  are  the 
patterns  of  changes  in  the  level  ratios  and  rise 
times  corresponding  to  pressure  changes. 

11.  The  pulse  wave  analysis  device  according  to  25 
claim  10  further  comprising  pattern  memory 
means  that  stores,  as  patterns,  both  the  level  ra- 
tios  corresponding  to  pressure  changes  and 
changes  in  rise  time,  for  each  predetermined 
body  condition,  30 

whereby  the  identifying  means  determi- 
nes  the  pattern  that  is  closest,  among  the  pat- 
terns  stored  in  the  pattern  memory  means,  to  the 
pattern  of  change  in  level  ratio  and  rise  time  as 
detected  by  the  waveform  shape  analysis  means.  35 

12.  The  pulse  wave  analysis  device  according  to 
claim  3  wherein  the  identifying  means  is  equip- 
ped  with  a  waveform  shape  analysis  means  that 
detects  the  following:  40 

both  the  time  ratio  of  the  pulse  wave 
stroke  period,  as  detected  by  the  pulse  wave  de- 
tection  means,  to  the  length  of  time  in  which  the 
waveform  value  of  the  pulse  waves  becomes 
greater  than  a  specified  value,  as  well  as  the  rise  45 
time  of  pulse  waves;  such  that  the  said  patterns 
are  patterns  of  changes  in  time  ratios  and  in  rise 
times  relative  to  pressure  changes. 

13.  The  pulse  wave  analysis  device  according  to  50 
claim  12  further  comprising  pattern  memory 
means  for  storing,  as  patterns,  both  the  time  ra- 
tios  corresponding  to  pressure  changes  and 
changes  in  rise  time,  for  each  predetermined 
body  condition;  such  that  the  said  pulse  wave  55 
pattern  test  means  outputs  the  pattern  that  is 
closest,  among  the  patterns  stored  in  the  pattern 
memory  means,  to  the  pattern  of  change  in  time 

ratio  and  rise  time  as  detected  by  the  waveform 
shape  analysis  means. 

14.  A  pulse  wave  analysis  device  comprising: 
pulse  wave  detection  means  for  detecting 

pulse  waves  from  the  body; 
pressure  detection  means  for  detecting 

the  pressure  applied  at  the  site  on  the  body  at 
which  pulse  waves  are  detected; 

pressurization  means  for  applying  pres- 
sure  at  the  body  site  at  which  pulse  waves  are  de- 
tected; 

pressure  control  means  for  stepwise  vary- 
ing  the  pressure  applied  at  the  detection  site  by 
the  pressurization  means, 

control  means  for  determining  the  pres- 
sure  so  that  the  pulse  wave  detected  by  the  pulse 
wave  detection  means  satisfies  specified  condi- 
tions;  and 

diagnosis  means  that  performs  diagnoses 
based  upon  the  pulse  wave  at  the  pressure  value 
as  determined  by  the  control  means. 

15.  The  pulse  wave  analysis  device  according  to 
claim  14  wherein  the  control  means  determines 
the  pressure  that  maximizes  the  ratio  of  the  size 
of  the  peak  of  overlapping  waves  to  the  size  of 
drive  waves,  and  the  diagnosis  means  performs 
a  diagnosis  based  on  the  rise  times  of  pulse 
waves  at  that  pressure. 

16.  The  pulse  wave  analysis  device  according  to 
claim  14  wherein  the  control  means  determines 
the  pressure  that  maximizes  the  ratio  of  the  pulse 
wave  stroke  period  detected  by  the  pulse  wave 
detection  means  to  the  time  period  wherein  the 
waveform  value  of  that  pulse  wave  becomes 
greater  than  or  equal  to  a  specified  value;  and  the 
diagnosis  means  performs  a  diagnosis  based  on 
the  rise  times  of  pulse  waves  at  that  pressure. 

17.  The  pulse  wave  analysis  according  to  claim  1 
which  is  either  a  portable  pulse  wave  analysis  de- 
vice  or  a  pulse  wave  analysis  device  mounted  on 
a  portable  unit,  the  pulse  wave  analysis  device 
comprising  a  switching  means  on  a  power  supply 
path  leading  from  the  power  source  from  the  port- 
able  unit  to  either  part  or  all  of  the  pulse  wave 
analysis  device,  and  the  power  is  supplied  only 
from  the  beginning  of  an  analysis  to  the  end  of  the 
analysis  as  indicated  by  the  user. 

18.  The  pulse  wave  analysis  device  according  to 
claim  1  which  is  eithera  portable  pulse  wave  ana- 
lysis  device  or  a  pulse  wave  analysis  device 
mounted  on  a  portable  unit,  the  pulse  wave  ana- 
lysis  device  comprising  switching  means  on  a 
power  supply  path  leading  from  the  power  source 
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from  the  portable  unit  to  either  part  or  all  of  the 
pulse  wave  analysis  device,  the  power  is  supplied 
for  a  specified  period  of  time  through  the  use  of 
the  switching  means,  and  the  power  supply  oper- 
ation  is  repeated  at  specified  time  intervals.  5 

19.  The  pulse  wave  analysis  device  according  to 
claim  1  which  iseithera  portable  pulse  wave  ana- 
lysis  device  or  a  pulse  wave  analysis  device 
mounted  on  a  portable  unit,  the  pulse  wave  ana-  10 
lysis  means  comprising  switching  means  on  a 
power  supply  path  leading  from  the  power  source 
from  the  portable  unit  to  either  part  or  all  of  the 
pulse  wave  analysis  device,  and  the  power  is  sup- 
plied  for  a  specified  period  of  time  through  the  15 
use  of  the  switching  means  from  the  beginning  of 
an  analysis  to  the  end  of  the  analysis  as  indicated 
by  the  user,  and  the  power  supply  operation  is  re- 
peated  at  specified  time  intervals. 

15 
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